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論 文 内 容 要 旨          
Jakarta has experienced many floods in the past, and those floods resulted in not only human casualties but also economic 
damages. Jakarta experienced several floods almost every year such as 2002, 2007, 2013, 2014, and 2015. In this study several 
factors contributing to the Jakarta flooding were evaluated by using flood inundation model. A physically based rainfall-runoff 
and flood inundation model was developed for Ciliwung River basin in order to understand the flood characteristics in target 
area. Not only Ciliwung River basin but also for Jakarta and its surrounding area are included into the flood inundation model.  
The model consists of rainfall-runoff module at each subbasin, hydrodynamic module in the river and canal networks, 
and flood inundation module for the floodplains. Also, the parameterization of urban flooding was developed in this study. The 
urban flood parameterization was included in the model because of the complexity of local canal system in urbanized area. 
The flood inundation model was applied to the target areas for the 2013 flood event. The comparison of the simulated and 
observed discharge hydrographs at the Depok and Katulampa stations are shown a good agreement. The simulated discharge is 
calculated by using the 2013 radar rainfall data. Also, the simulated inundation area in the target area matched relatively well 
with the inundation observed map as shown in Figure 1. Based on this flood model application, by combining several scenarios 
of urban flooding problems because of shortage capacity in local canal system and sea level rise, it was found that the range 
percentage of urban flooding effects because of the shortage capacity in the local canal system and sea level rise is from 10.7% 
and 23.4% of total flood inundation volume in Jakarta. It should be noted that the range percentage of Ciliwung River flooding 
effect is from 8.8% to 10.3% of total flood inundation volume in Jakarta. Also, the range percentage of other’s rivers flooding is 
from 67.8% to 79% of total flood inundation volume in Jakarta.  
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Figure 1 Comparison between the simulated (left) and observed (right) inundation areas. 
 
It should be emphasized that rapid urbanization and land subsidence at future period are still possible to continue to 
increase. So, the effects of future changes in land use and land subsidence are analyzed by using a rainfall-runoff and flood 
inundation model in this study. The future land use scenarios were projected based on the SLEUTH model, and land 
subsidence was projected based on an extrapolation of the current state in Jakarta. It should be noted that the land use change 
projection at future period consist of compact and worst scenario of urban growth. The compact growth scenario 
(RCP2.6-SSP1) means that there are mitigation and adaptation plans from the government to control urbanization in order to 
counteract the climate change while the worst growth scenario (RCP8.5-SSP3) let the urbanization like business as usual 
without any mitigation and adaptation plans to control urbanization. Also, the land subsidence projection by using linear 
extrapolation is the worst scenario under assumption the land subsidence speed constant in time at future period. In addition to 
the future change of the land use change and land subsidence, the impacts of land use change and land subsidence are analyzed 
for the historical period in order to fully understand the flood mechanism in Jakarta. It was found that the flood inundation 
would increase by increasing the urbanized area from historical to future period. Also, the highly affected areas of flood 
inundation are located in the high land subsidence rate areas. 
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Figure 2 Effects of land subsidence and land use change on flooding in Jakarta and its mitigation plans scenarios 
 
Based on the analysis under the worst scenario of land use change and land subsidence projection at the future period, it 
was found that the both effects of land use changes and land subsidence contributed to an increase in flood inundation volume 
of 36.8% from 2013 to 2050 under no counter measure is taken as shown in Figure 2. It should be noted that the impacts from 
land use changes on the flood inundation were found to be much greater than those from land subsidence in Jakarta. However, 
the land subsidence impacts are also unneglectable. Jakarta city government should consider mitigation plans and several 
counter measures in order to reduce flood damage in Jakarta. Those mitigation plans and counter measures are quantitatively 
evaluated by using flood inundation model in this study. 
As the results of the analysis, the government’s current target to stop land subsidence by 2020 would cause a 7.7% 
decrease in the flood inundation volume by 2050. Furthermore, controlling and regulating land use changes by 2020 would 
cause a 10.9% decrease in the flood inundation volume by 2050. From these results, flood mitigation plans should be 
implemented not only for land subsidence, but also for land-use changes. The author strongly recommends that the Jakarta 
government create land use change regulations for Jakarta and its surrounding areas as soon as possible to reduce future flood 
damage in the city. Also, it was found that the future projection of flood inundation in Jakarta would decrease by controlling the 
? 177 ?
urbanization and increasing the forest area at the upstream region. 
Also, a counter measure that increased the flood flow capacity of the target sections in Ciliwung River by 150% was 
found to reduce the flood inundation volume by about 6.9% in Jakarta. It can be said that the counter measure to increase the 
flood flow carrying capacity in the narrow sections of the Ciliwung River is a useful option to reduce the flood extent and 
damages in Jakarta. However, there are many other options by considering several physical countermeasures, and those 
physical countermeasures should also be quantitatively evaluated associated with a cost-benefit analysis in order to mitigate 
flood damages in Jakarta. Furthermore, this physical counter measures should be supported by the social counter measures in 
order to integrate the flood disaster management in Jakarta. 
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